Abstract: Predictors for glucose intolerance postpartum were evaluated in women with gestational diabetes mellitus (GDM) based on the 2013 World Health Organization (WHO) criteria. 1841 women were tested for GDM in a prospective cohort study. A postpartum 75g oral glucose tolerance test (OGTT) was performed in women with GDM at 14 ± 4.1 weeks. Of all 231 mothers with GDM, 83.1% (192) had a postpartum OGTT of which 18.2% (35) 
Introduction
Gestational diabetes mellitus (GDM) is defined as diabetes diagnosed in the second or third trimester of pregnancy provided that overt diabetes early in pregnancy has been excluded [1] . Treatment of GDM between 24-28 weeks of pregnancy can reduce adverse pregnancy outcomes, especially large-for-gestational age infants and preeclampsia [2, 3] . Women with GDM have a seven-fold increased risk of developing type 2 diabetes (T2DM) later in life compared to normal glucose tolerant (NGT) women during pregnancy [4, 5] . Women with persistent glucose intolerance [impaired fasting glucose (IFG) and/or impaired glucose tolerance (IGT)] in early postpartum are a particularly high risk group, with about 50% developing T2DM within 5 years after the delivery [6] . Long-term follow-up is often challenging due to the low attendance rates at screening tests postpartum [7] .
The 'International Association of Diabetes and Pregnancy Study Groups' (IADPSG) and the World Health Organization (WHO) recommend a universal one-step approach with the 75 g oral glucose tolerance test (OGTT) for screening of GDM with the use of more stringent diagnostic criteria for GDM [8, 9] . The IADPSG/2013 WHO criteria are the first diagnostic criteria based on adverse pregnancy outcomes [8, 10] . However, data on the risk to develop glucose intolerance postpartum in women with GDM diagnosed by the one-step approach and 2013 WHO criteria, are limited. The use of the 2013 WHO criteria for GDM results in a greater proportion of women diagnosed with mild forms of GDM. This might lead to a lower proportion at risk for postpartum glucose intolerance compared to women diagnosed with GDM by a two-step screening strategy [11, 12] . In addition, there are currently few data on the clinical and biochemical risk factors which best predict persistent glucose intolerance in early postpartum in women with GDM diagnosed by a universal one-step screening strategy and the 2013 WHO criteria. More evidence is therefore needed on the risk and predictors for glucose intolerance in early postpartum in women with GDM based on the 2013 WHO criteria. Our aim was to evaluate the prevalence and predictors for glucose intolerance in early postpartum in women with GDM from a large prospective cohort study.
Subjects and Methods
The study was registered in ClinicalTrials.gov (NCT02036619). The study protocol was approved by the Institutional Review Boards of all participating centers (B322201420693). Participants provided informed consent before inclusion in the study.
Study Design
The Belgian Diabetes in Pregnancy study (BEDIP-N) was a multi-centric prospective cohort study that has previously been described in detail [13] [14] [15] . Women between 18-45 years with singleton pregnancies, and without history of diabetes or bariatric surgery, were recruited between 6-14 weeks of pregnancy [13] . Participants without prediabetes or diabetes in early pregnancy [defined by the American Diabetes Association (ADA) criteria)], received both a non-fasting 50 g glucose challenge test (GCT) and a 75 g 2-h oral glucose challenge test (OGTT) between 24-28 weeks of pregnancy [1, 13] . All participants received the OGTT irrespective of the result of the GCT. The diagnosis of GDM was based on the 2013 WHO criteria. We have recently shown that the threshold of the GCT needs to be reduced to at least 7.2 mmol/L, to achieve sensitivity ≥70% to screen for GDM based on the 2013 WHO criteria [14] . The ADA recommended glycemic targets were used for the treatment of GDM [1] . If targets were not achieved with lifestyle measures, insulin therapy was added. Women with GDM were invited for an extra visit 6-16 weeks postpartum to undergo a 75 g OGTT. The ADA criteria were used to define T2DM and glucose intolerance (IFG and/or IGT) [1, 13] .
Study Assessments
In early pregnancy, baseline characteristics and the obstetrical history were collected [13] . In early pregnancy and at 24-28 weeks of pregnancy, anthropometric measurements were obtained, a clinical examination was performed [weight, body mass index (BMI) and blood pressure] and several self-administered questionnaires were completed [13] . Overweight was defined as a body mass index (BMI) ≥25 Kg/m 2 and obesity as a BMI ≥30 Kg/m 2 . Excessive weight gain was defined according to the 2009 Institute of Medicine (IOM) guidelines [16] . Early weight gain was calculated as the difference in weight between first prenatal visit and the time of the OGTT, total weight gain was calculated as the difference in weight between first prenatal visit and the delivery. We used a self-designed questionnaire to evaluate breastfeeding [13] . Women were categorized as: almost exclusive breastfeeding (≤45 mL formula feeding/day), half breastfeeding and half formula feeding, and almost exclusive formula feeding (≥150 mL formula feeding/day).
At first visit between 6-14 weeks of pregnancy, fasting plasma glucose (FPG), fasting insulin, fasting lipid profile (total cholesterol, HDL-and LDL-cholesterol, triglycerides) and HbA1c were measured. The homeostasis model assessment of insulin resistance (HOMA-IR) and β-cell function (HOMA-B), were measured in early pregnancy, as previously described [17] . At the time of the 75 g OGTT during pregnancy and postpartum, a fasting lipid profile and HbA1c were measured. Glucose and insulin were measured fasting, at 30 min, 60 min, and 120 min. For the OGTT, participants had to be fasting for at least 10 h. Increase in triglycerides was defined as the difference between the fasting triglycerides measured in early pregnancy and at the time of the OGTT in pregnancy [13] .
Different indices of insulin sensitivity [the Matsuda index, a well-established measure of whole-body insulin sensitivity and the homeostasis model assessment of insulin resistance (HOMA-IR), a measure of largely hepatic insulin resistance] and β-cell function [HOMA-B, the insulinogenic index divided by HOMA-IR, Stumvoll index and the insulin secretion-sensitivity index-2 (ISSI-2), an OGTT-derived measure that is analogous to the disposition index obtained from the frequently sampled intravenous glucose tolerance test], were measured, as previously described [13, [17] [18] [19] [20] [21] [22] . The Matsuda and Stumvoll indices were multiplied to calculate the oral disposition index, which assesses β-cell compensation for insulin resistance [23] .
The analyses of the FPG at 6-14 weeks and the glucose measurements of the OGTT were performed locally at each center. The analyzes of the GCT's, insulin, lipids and HbA1c levels were performed centrally at the lab of UZ Leuven (Leuven, Belgium) and these results were not communicated to participants and health care providers during the study. Plasma glucose was measured by an automated colorimetric-enzymatic method on a Hitachi/Roche-Modular P analyzer (Basel, Switzerland). Insulin was measured by the immunometric ECLIA (Roche Modular E170). HbA1c was measured by Tosoh Automated Glycohemoglobin Analyzer HLC-723G8. Lipid levels were measured by the immunoassay analyzer Cobas 8000 (Roche, Basel, Switzerland). Coefficients of variance are 1% for glucose, 6% for insulin, about 2% for lipids and 2% for HbA1c in the Lab of UZ Leuven.
Statistical Analysis
Descriptive statistics were given for the two groups where continuous variables are presented as means with standard deviation if normally distributed, or as medians with interquartile range otherwise; categorical variables are presented as frequencies with percentages. Logistic regression models were used for data analysis with postpartum glucose intolerance as a binary response variable and subject characteristics as explanatory variables. Results were reported as odds ratios (OR) with 95% confidence intervals. For variables during pregnancy that were significantly different between women with and without postpartum glucose intolerance, adjusted OR for age and BMI in early pregnancy were analyzed. The discriminative power of continuous variables for postpartum glucose intolerance is presented by receiver operating curve (ROC) curves and estimated as the area under the curve (AUC) with 95% confidence interval. The AUC ranges between 0.5 (discrimination no better than chance) and 1 (perfect discrimination). Diagnostic accuracy of binary or dichotomized variables is estimated as sensitivity, specificity, positive and negative likelihood ratio, and post-test probability, with 95% confidence intervals. A p-value <0.05 (two-tailed) was considered significant. Analyses were performed by A. Laenen using SAS software (version 9.4).
Results

Study Participants
Prospective multicentric cohort study with 1841 women tested for GDM with a 75 g OGTT. GDM was diagnosed in 12.5% (231) of all participants. Of all women with GDM, 83.1% (192) attended the postpartum 75 g OGTT. The OGTT was performed at 14.4 ± 4.1 weeks after delivery. Of all women with an OGTT postpartum, none had T2DM and 18.2% (35) had glucose intolerance postpartum of which 37.1% (13) had IFG, 54.3% (19) had IGT, and 8.6% (3) had IFG and IGT combined. Table 1) . There was no difference in the duration of breastfeeding or in the rate of exclusive breastfeeding (Table 1) . Women with glucose intolerance had a higher BMI compared to NGT women but this was borderline not significant (28.1 ± 6.6 kg/m 2 vs. 26.1 ± 4.9 kg/m 2 , p = 0.050). 
Predictors for Glucose Intolerance Postpartum Based on Characteristics and Biochemical Variables Prepregnancy and during Pregnancy
Based on the characteristics and biochemical variables in early and late pregnancy, compared to NGT women, women with glucose intolerance postpartum had more often an Asian origin [15 (Tables 2-4 ). After adjustment for maternal age and BMI in early pregnancy, a recurrent history of GDM and FPG did not remain significant (Table 3 ). The AUC on the ROC curve for the 50 g GCT to predict glucose intolerance postpartum was 0.60 (CI 95% 0.449-0.71) (Figure 1) . Evaluation of the sensitivity across different GCT thresholds, showed that a GCT ≥ 7.2 mmol/L during pregnancy had the highest sensitivity of 80% (95% CI 63.1%-91.6%) with a specificity of 26.4% (95% CI 14.6%-27.9%) to predict glucose intolerance postpartum (Table 5) . normally distributed; Logistic regression models were used for data analysis with postpartum glucose intolerance as a binary response variable and subject characteristics as explanatory variables; overweight: BMI ≥25-29.9 Kg/m²; obesity: BMI ≥30 Kg/m²; hypertension: blood pressure systolic ≥140 mmHg or diastolic ≥90 mmHg; HOMA-IR: homeostatic model assessment of insulin resistance; HOMA-B: homeostatic model assessment of beta-cell function; ISSI-2: the insulin secretion-sensitivity index-2; Differences are considered significant at p-value <0.05. GCT: 50 g glucose challenge test; CI: confidence interval; Sensitivity: n = number with GCT ≥ cut-off; N = number with glucose intolerance postpartum; Specificity: n = number with GCT < cut-off; N = number without glucose intolerance postpartum; LR+: positive likelihood ratio; LR-: negative likelihood ratio.
Fasting Glycaemia and Hba1c Postpartum to Detect Glucose in Tolerance
The AUC for FPG alone in early postpartum to predict glucose intolerance was 0.76 (95% CI 0.65-0.87), the AUC for HbA1c alone was 0.54 (95% CI 0.43-0.65) and the AUC for FPG and Hba1c combined was 0.75 (95% CI 0.64-0.86) (Figure 2 ). without glucose intolerance postpartum; LR+: positive likelihood ratio; LR-: negative likelihood ratio.
The 
Discussion
By diagnosing GDM, a group of women at high risk to develop T2DM and cardiovascular disease later in life was identified [4, 5] . Lifestyle interventions and metformin can prevent progression to T2DM on the long-term [24] . However, in normal routine attendance rates at screening tests postpartum are often low, with only 30%-50% of women with recent GDM receiving an OGTT or even a FPG within one year after the delivery and follow-up rates after one year dropping further [25, 26] . Even in prospective studies, it remains challenging to obtain high attendance rates as demonstrated in the present study, where nearly one fifth of women with GDM did not attend the OGTT in early postpartum. This is a missed opportunity to timely identify and treat high-risk women for glucose intolerance. A GDM recall register implemented in the northern part of Belgium (Flanders), helps to successfully stimulate screening postpartum in primary care by sending annual reminders to women with a history of GDM [7] . This is in contrast with a South Australian GDM recall register were the response was limited [27] . However, in the South Australian GDM recall register, women who did not respond to a reminder letter were not followed up for a response while the Flemish register did not only use annual reminders by letters and email but if needed, additional reminders by telephone or text messages were used to increase the response rate [7] . Compliance with postpartum screening might also improve if an FPG and/or HbA1c could be used to screen for glucose intolerance instead of the cumbersome OGTT. However, several studies have shown that an FPG or Hba1c alone in early postpartum would miss the majority of women with glucose intolerance [11, 28, 29] . This is in line with our results showing that the majority of women with glucose intolerance had IGT. IGT is an important risk factor for T2DM, since the highest cumulative incidence to develop T2DM is seen in people with combined IFG/IGT, followed by isolated IGT with the lowest incidence in patients with IFG [30] . Moreover, we show now that combining an FPG and HbA1c in early postpartum, does not improve the accuracy to detect glucose intolerance compared to an FPG alone.
Data on the risk to develop T2DM in women with GDM diagnosed by the one-step approach and 2013 WHO criteria are limited. Before the introduction of the 2013 WHO screening strategy, studies have shown that 30%-50% of women with GDM develop T2DM within the first 10 years after the index pregnancy [4] . The use of the 2013 WHO criteria for GDM results in a greater proportion of women who are diagnosed with mild forms of GDM, which might lead to a lower proportion at risk for postpartum glucose intolerance compared to women diagnosed with GDM by a two-step screening strategy. We show that nearly one-fifth of women with GDM based on a universal one-step screening strategy with the 2013 WHO criteria have glucose intolerance in early postpartum. An Irish study showed a rate of T2DM of 2.2% and prediabetes of 23.7% up to 5 years post-delivery in women with GDM based on the 2013 WHO criteria [12, 31] . In contrast, we have previously shown glucose intolerance in 42% three months postpartum in women with GDM diagnosed by a two-step screening strategy with the 2013 WHO criteria [11] . Follow-up of the HAPO study 10-14 years postpartum, showed that untreated women with GDM, defined post hoc by the 2013 WHO criteria, had significantly higher rates of a disorder of glucose metabolism than women without GDM [52.2% vs. 20.1% (T2DM 10.7% vs. 1.6%)] [32] . However, GDM according to the Carpenter & Coustan criteria as defined in the HAPO follow-up study, was associated with a much higher risk for T2DM (20% vs. 7.9%) compared to women with GDM according to the 2013 WHO criteria alone [32] . The high prevalence of glucose intolerance postpartum using the Carpenter & Coustan criteria for GDM is to be expected since these criteria were developed to identify women at high risk for the development of T2DM after the delivery [33] .
Finding the risk factors for glucose intolerance postpartum after a recent history of GDM is important to identify a subgroup of women at a particularly high risk to progress to T2DM on the long-term. A more intensive follow-up and treatment of this high risk group might be cost-effective to prevent T2DM [34] . The most important risk factors to develop glucose intolerance in early postpartum differ according to the populations studied [35] . A systematic review has shown that BMI, family history of diabetes, non-white ethnicity, advanced maternal age, early diagnosis of GDM, raised FPG and HbA1c, and insulin use during pregnancy are associated with future risk of T2DM [36] . This is in contrast to our study, showing that only an Asian origin, multiparity, a recurrent history of GDM and increased FPG, HbA1c and fasting triglycerides in pregnancy, are risk factors for glucose intolerance in early postpartum. These predictors could be used to identify a subgroup of women with GDM with the highest risk to develop glucose intolerance postpartum and as such help to individualize the intensity of the follow-up. However, other common risk factors such as maternal age and BMI in pregnancy did not emerge as predictors in our study. This might be due to high maternal age of our GDM cohort and the fact that about 50% of GDM women were overweight or obese. Moreover, differences in screening strategy and diagnostic criteria used for GDM between different studies make comparisons difficult. In addition, since women were screened for GDM between 24-28 weeks of pregnancy, we could not evaluate whether testing for GDM before 24 weeks of pregnancy, might identify a group at higher risk for glucose intolerance postpartum.
As can be expected, we show that women with GDM who developed glucose intolerance in early postpartum were more insulin resistant and had an impaired beta-cell function compared to NGT women after delivery. During pregnancy insulin sensitivity and beta-cell dysfunction were not significantly different between both groups. However, women who develop GDM, often already have a subclinical metabolic dysfunction prior to conception compared with NGT women [37] . We speculate that the subgroup of GDM women at the highest risk for T2DM on the long-term, probably already have important predisposing baseline insulin resistance and/or beta-cell dysfunction present before pregnancy.
In our study, women with glucose intolerance postpartum breastfed less often than NGT women but without a difference in the duration of breastfeeding or in the exclusivity of breastfeeding between both groups. However, the timing of the postpartum OGTT varied between participants and we have no prospective data to evaluate the association between the duration of breastfeeding and risk for glucose intolerance postpartum. In addition, we have no data on breastfeeding beyond three months after delivery. There is now strong evidence that lactation duration (>3-6 months) is independently associated with a graded reduction in the incidence of T2DM [12, 38] . This might be due to the lower fasting and postprandial glucose levels and lower insulin secretion seen in lactating women [38] .
Finally, we show that a GCT can also have a role in predicting postpartum glucose intolerance. We have previously shown that a GCT threshold of 7.2 mmol/L has the best trade-off between sensitivity and specificity to screen for GDM when using the 2013 WHO criteria [14] . Here we show that a GCT threshold of 7.2 mmol/L has also the best sensitivity to predict glucose intolerance in early postpartum. A two-step screening strategy with a GCT has therefore the potential to limit the number of OGTTs to screen for GDM based on the 2013 WHO criteria and at the same time identify a high risk group for glucose intolerance postpartum.
The strengths of our study are the large prospective multiethnic cohort with the availability of many clinical and biochemical variables in early pregnancy. In addition, we provide data on the predictive value of HbA1c and FPG in early postpartum to detect glucose intolerance. Moreover, we present novel data on the predictive value of a GCT when used in a two-step screening strategy for GDM with the 2013 WHO criteria to predict glucose intolerance postpartum. The limitations are the lack of a control group postpartum and the lack of long-term data postpartum.
In conclusion, we show that nearly one-fifth of women with GDM based on the 2013 WHO criteria have glucose intolerance in early postpartum and these women have a more adverse metabolic profile. An FPG and HbA1c in early postpartum are not accurate enough to replace a 75 g OGTT to detect glucose intolerance. In addition, a GCT threshold of 7.2 mmol/L has the best sensitivity to predict glucose intolerance in early postpartum. Combining CGT and risk factors identified in the present study could identify a group of women who are at the highest risk for postpartum glucose intolerance and where recall incentives may be most needed.
